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This paper presente overall heat transfer coefficients of 70-30 
coppersnickel condenser tubes. Tests were run on amall sise tubes with 
atean at 00°F condensing on the outside surface, Water was circulated 
through the tubes at high velocities and at a wide range of tanporatures, 

Charts showing the variation of overall heat transfer cefficliets 
with change in water velocity for the three tube siges at different 
water tenperatures are presaited, Correction factors are presented which, 
when applied to the overall heat transfer coefficient as calculated by 
the gemeral equations, may be used to predict the overall heat transfer 
coefficient within «a probable deviation of two percent from the actual 
experimental value. 

Detaiis are given of the apparatus ani of experimental procedure. 
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STATZMGNT OF THK PROD eT 


The Heat Tranefer Section, Ship Technical Branch, Bureau of Ships, 
in a memorandum dated 14 April 1947, sugested the following thesis sub= 
joet for student officers of the naval engineering group at the U. 3. 
Haval Postgraduate School: 


"Study of Heat Transfer rates in condenser tubes at velocities 
between 7 fect per second and 15 feet per second. The study should cover 
70330 copper-nickel tubes, 5/8" and/or 1/2" 0, 0,, #18 BWG and/or #20 BWG 
wall thickness," 


in this study the steam temperature was held constant at LOO°F for 
ail runs, The circulating water velocity was extended above the proposed 
maxioun to 21 feet per secori. Inlet water temperature was varied between 
GO” and 45°F, Copper~nickel tubes of the foliowing sizes were tested: 
5/8 ineh &. D., 16 BW 
1/2 inch ©, D., 18 5WG 
1/2 inch ©. D., 20 RWG 


GENERAL DSSCRIFPTION OF THE B.ULPKGNT 


The equipment is most easily described by considering the two sep- 
arate recycling systess <— steam and circulating water. 


Shean System 
Steam generated under vacuun in the evaporator passes through the 


calorimeter around the condenser tube, The steam condensate which forus 
and drips from the tube is collected and returned to the evaporator, 
That portion of the steam not condensed on the tube goes to a surface con- 
denser from which the condensate is also returned to tie evaporator, The 
Vacuum pump removes any non-comicnsables from the vapors in tie condenser 
and maintains the systea at a pressure considerably velow atmospheric 
(about 26 inches of mercury vacuum), Accurate control of the vacuum, and 
consequently, of steam teaperature, is obtained by regulating the rate of 
cooling water flow through the condenser, 


Circulsting weter System 

Circulating water flows frou the constant head tank through the con=- 
denser tube in the calcrimeter to the multiple-orifice tank flowmeter. A 
cock adjacent to this flowaeter serves for adjusting the flow rate and 
holding it constant during a run. 


Circulating water leaving the wultiple-orifice tank flowmeter falis 
into a weigh tank) used for calivration, and then passes through the cire 
culating water cooler to the supply tank. lHegulating the rate of cooling 
water flow to this cooler controls the temperature of the circulating 
water at the inlet to the condenser tube in the calorimeter. 
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The circulating pump takes suction from the supply tank and returns 
the water to the constant head tank, The overflow from the constant head 
tank may be cooled in the overflow cooler before returning to the supply 
tenk, In order to obtain higher velocities through the condenser tube the 
constant head tank is byepassed, and circulating water enters the tube 


directly at pump pressure, 
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DETAILS OF THE &.ULPMANT 


Calorineter 
The calorimeter is a steel chamber (14"36"x64") with internal 


baffles so arranged that the entire volume of steam passing through the 
systea flows across the condenser tube under test. 

A single conieser tube about tw feet longer than the calorimeter 
is inserted horizontally. The extra length of tube extends into the two 
end fittings where a baffle arrangement causes the water entering and 
leaving to pass over the exterior surface of the tube ends, This prevents 
any radiation effects upon the tube ends and limite the heat trmefer 
surface of the tube to the interior length of the calorimeter, 


The flowmeter is a sheet aluminua tank (8"x12"x42") and sight 
glass, with a series of 3/8 inch diameter orifices in the vertical dividing 
wall, The maximum capacity of the flowmeter is 25 gallos per minute, 

Actual calibration data, obtained using the weigh tank and scale 
for timed runs and plotted as gauge reading (H om.) against circulating 
water flow rate (w lb./hr.), produced a family of intersecting ourves, 
particilarly for the high flow rates; the points of intersection coln= 
cided with the positions of the orifices, 

Evaporator 

The evaporator is of the submerged coil type operated from the 
laboratory main stean line, The water level remins constant during a 
series of runs (one-half full) since all condensate is returned to the 
evaporator. 

A reducing and regulating valve assenbly supplies steam for heating 


the coil at eight pounis per square inch reduced from 120-160 pounds 
per square inch, This establishes ap proximat ely constant steam veloci- 
ties across the condenser tuve for all runs, 
(See APPENDIX) 
Yaqui Pump 

Two Nash “Hytor" vacuum pumps, sisze TS-7, Test Nos, H-l641 and 
ielb42, in series. 
Cireulating Pump 

ingersolieiiand "Hotorpump", Moliel B, Serial No, O241714, 20 gallons 
per minute at a head of 50 feet. 
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METHOO OF OP W(ATION 


In preparation for data runs on the equipment, water was first 
circulated through the system and adjusted approximately to the required 
inlet teaperature by means of the circulating water cooler and the over- 
flow cooler if too warm, and by a steam line to the supply tank if too 
cool, The vacuum pump was started to reduce the pressure in the stean 
system to about 28 inches of mercury vacuum, 

ext the steam supply to the evaporator was opmed, and cooling 
une passed through the condenser, The steam tenperature in the calori- 
meter was adjusted by regulating the amount of cooling water through the 
condenser, A cock located above the miltiple-orifice tank flowmeter was 
then set for the required rate of flow through the condenser tube, 

After making fine adjustments to the steaa and water temperatures 
and flow rate, the systan was allowed to reach equilibrium and « series 
of readings was taken at intervals of five minutes for a period of not 
less than 15 minutes, The following data was recorded: 

Stean texperature, t, °F 

Inlet water texperature, t, °F 
Outlet water teuperature, to °F 
Plewmeter gauge reading, H om. 
Steam pressure, in, Hg (vacua) 
Atmospheric pressure, in. lig 

For all runs the steau temperature was held constant at 100°F, 
within plus or minus one degree, The inlet water tenperature was maintained 
variously at 80°, 70° and 60°F, within plus or minus mie degree, A few 
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series of runs were made at 55° ond LS°Fs but as these were dependent 
upon weather conditions (tenperature of water from urxierground lines), 
such close teuperature control was not possible. water from the City of 
Bethlehem supply min was used in both steam ond circulating water syatenm, 


SAMPL! CALQULATIGIS 


The equation, q = YVAAtg, was used to calculate U, the overall 
heat transfer coefficient based on the cutaide tube area, The heat 
transfer rate 9, was calculated from the tenperature rise and flow rate 
of circulating water through the condmser tubo, 4 was measured, and A ty 
was the log man tenperaturs difference betweui the steam and the wator, 
The data taken for a single typical ran is shown below: 


Run Number 56 
Tne ts t) te H 
.#) 100, 58 79.8 85.85 20.6 
$ 99538 79.75 $5.50 2.6 
10 99030 2 85.55 20.6 
45 99.00 7998 85.50 20.6 
20 99077 79.85 85.70 20.6 
AVOPFAZES 99436 79480 85.456 2026 
Correction 08 609 40,05 
Correctcd 
Average 99.28 yery es 85.62 20.6 


Only the last four readings were averaged as the equipment apparently 
had not reached equilibrium when the sero reading was taken, 

The three theromters used were calibrated against a Bureau of 
Standards therometer, and curves were drawn for use in correcting the 
average reading to true °F, 

a i WwW 

The flowmeter gauge was calibrated by waighing the amount af water 
which passed through it per unit of time, A graph was constructed using 
gauge reading as the abscissa ve, pounds per hour as the ordinate, 
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H > 20.6 om w = 1820 lb./hr. 
Avi from the tube dimension the 162) pounds per hour was easily 
converted to V 5 6,0 feet per second, 


The total heat tranaferred from the tube to the circulating water 


was calculated from the value of w founi above, the difference between 
the heated water and inlet water temperature, and the specific heat of 
the water, which is 0,997 BTU per pound ~ °F in this example, by means 
of the equation: | 


Q sw (tg = tye 
@ 2 1620(85.62~79.71) 0.997 = 10,720 BTU/hr. 


tun number 56 was unde on a 2 inch, 20 WG tube, 41.56 inches 
effective tube length, Prom tables of condeiser tube dimenaias it was 
found that the outside arva is 06,1309 square feet per foot of tube, hence, 
the total outside ares iss 
AS 0.3309 x 61,56/22 = 0,671 oa. ft, 


Paaporature Difference (4 ta, 


The log man teperature difference was used: 
Atay = (tg=ti )-(t,-t2) Se 9h 
wil i 16.48°P 


The overali heat transfer coefficient, U, was colculated as follows: 


U & = O, 72 
ya ONS SES 


Us 97 pru / hr, ~ sq ft. = *F 


im = ty tj to H w a Ate v U 
Table Le 
Tube Sine: 5/6 in, ©, Ds, 18 BG Water Inlet Temperature: 80°F 
76* 9967 79075 84083 23.6 2330 11800 17.27 6.8 817 
1 97030 80.18 85.01 23.8 2380 11460 16.59 7.0 824 
10 100.85 79:91 85.2h 23,8 2380 12640 18.22 7.0 ' 627 
2 99018 She Ih & 2720 12000 16.38 8,0 87h 
if 99220 80.48 2703 360 12680 16.530 3.0 945 
il 100, 58 ° ShinhD % 3070 AAO 16.05) = «05 925 
Yt had ° 80,01 29 S40 = LALOO 17.97 937 
4, 100628 = 80.64 Be79 «= 2967 = AKO 220 17.43) «1001 973 
5 100.48 GOs97 Bhe87? 32.2 3740 47.48 11.0 993 
i2 WOOs4l 79089 83292 33.0 15360 18,39 1i.2 996 
6 100,01 5 LO75 = AKFO 17.70 12.0 LOLG 
78 PF» 79070 §=9B3e22 «= 3569 §=— AO 42.9 1007 
7 100,56 ° Bhe0O 36.0 4415 155K0 18.30 13,0 1013 
13 100.53 80.09 83.67 36.0 AMS 15750 186.55 13.0 1013 
68 100.05 60,37 665 38.2 A755 15540 18, 14.0 1030 
9 99.91 80,25 039 Ale? 5095 L5PWW 18.15 15.0 1LOL8 
LA 100.29 8,04 683.25 41.2 5095 * 15.0 L042 
16 PP add, ° 62.61 4164 5120 16100 18.10 15,1 1060 
17 97223798 82.62 309 5420-16250 =18.00 * 1076 
22 100.16 7908 82.90 bhnO SHO 16750 18,69 16,0 1069 
79 9909 79059 G26 bbeO Sh4hO 16380 16,85 16,0 1035 
23 100.34 80.20 83.09 45.9 5000 16700 18.62 17.1 1069 
15 100.05 T9A2 ooh hb?) | =—CSGOCiCdLZO-s 19.11 = 175 L078 
i F989 Web 62.54 bbs7 TUDO OA 18.68 1745 1093 
25 99S T9073 S2ehh 47.8 G120 16530 18.36 15,0 1073 
&0* F908 80,00 82,62 49.9 S420 677 18.53 16.9 1079 
26 100.23 79073 9 82ek6 50.3 6470 17600 19.18 19,0 1096 
pos 100019 79092 48205. 5362 S770 8 1TKSO 16,88 19.9 1103 


100.16 «6 79e5L = 82607 4=— 53.7 3 GLO oe 19-27 ©6200 1075 
4 ini cates Tube No, 2 


Data from report for The Heat Exehm ge Institute, Lehigh U, inst. of 
Research, 5 Sept, 19473 


100,15 90,0 85,60 6 785 
85.10 7 820 
= : & 
8,620 10 Sluts 
844.00 i 984, 
=P . & 
83,55 Li, 1096 


(/ indicates average for all runs) 
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ot ¥ Soa ae. ; 
fable I, i 2 a 
Tube Sige: 5/6 in, 0, ¥,, 18 BWG Water Inlet Temperature: 70 F 
a 993 69,86 77.09 23.6 2360 171860 25,70 798 
106 99-1 69016 7be26 24.0 17D 26,30 Ted 778 
9 100,2 e170 52 250k = 2D 27 205 e 616 
& 9965 = 89056 75096 = 27h «= OBO = 19670 «25,70 Jol 878 
107 69,06 75.11 & 3390 27e 10,0 + 682 
 §] Foe = =6 BR 07525 3203 )=— 3750 AUUOO 226,80 11.0 952 
8&9 6 70t9 F500, B3hek 4060 22500 27.20 11,9 987 
&, Wek 70el8 75030 36.0 LAs 22530 9K) 20 1013 
85 93 75.009 42.3 200 27.50 15.0 1043 
108 * 69465 43.9 Sh2 24500 27.90 15,9 1045 
86 9945 T3042 45,9 5800 me Y 
8 100.4 69472 73095 &746 G8O 25670 26.3 17.9 
109 9958 67,03 73.05 50.3 Gh70 26000 26,80 19,0 1076 
87 oS «=69ehS 73:32 5304 S790 26700 2.70 20, 1110 
Table Til, 
Tube Sise: 5/8 ins O. De, 18 Bw Water Inlet Teuperature: 60°F 
' 300 100.8 &©,56 70.13 23.8 2380 22690 35.35 7.0 765 
206 W907 59084 BST BG eh 270 23600 35.35 6.0 797 
205 9925 59.38 O7,61 27,3 60 862515 «35.85 9.0 
201 O49 2 2.5 3k0O 2655 10. 85h, 
20h, 100.0 61,34 hh 3110 = 26500 5 905 
a2 9955 60,85 afF = Bae D&D 28250 35,0 12,0 962 
203 Dh Be2 4750 30000 >) die 
207 99.6 &.Q. 65.76 43.8 5400 BLOCO Bie? 1569 1065 
Table Iv. +) 
Tube Sizot 5/8 ime Gy Dey 18 BUG water Inlet Teaperature: $3658 F 
gu 100,0 57,22 66,92 23,8 2380 23050 37.6 7.0 7. 
10l 100.9 «55458 965.79 2309 2400 2hh70 0000752 730 
100 ° She Ghe75 25h 2710 26656 40,8 8.0 779 
92 56420 98 2k RX7O 26900 392 940 618 
102 100.2 OFe3L 2945 3400 29200 41.2 10,0 8L5 
B 99.69 $5.09 63,21 a 3746 303%) 0.7 890 
99 100.4 She 57 S7 = Be? 4220 337%) Al.? 12.4 942 
94, 9906 She G1.94 3651 4430 13.0 965 
103 106.1 She5h 8 8G1e56 4387 £810 337 = haalh del 955 
95 99-7 $3075 4 40960.65 Abed 380 33% ha.3 1566 987 
104 o2 53eh3 025 hk 5500 bled 16,2 1010 
36 99.47 53.85 60.18 45.7 572) 36300 42.7 17.0 1013 
96 100.4 53.86 200 «6 37300 1749 1023 
105 100.2 53.60 59.25 52,7 6720 38000 43.4 19.5 LOL2 
97 100.5 5309 «=F = 53 6780 37950 4346 19.69? 1037 
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ftun by % bo R 
Table V. 
tube Sisges 1/2 in. Os Dey 13 OG 
28 99057 D2 8.38 17.8 
4g 200017 79-75 %.h2 17.9 
Lb L0C.77 32 86,54 19.1 
og LeL0 73297 = 80231902 
é 100.0% 86.33 S554 2.3 
50 93083 T9e9L 85.59 20,3 
31 100. &.10 85,38 21,6 
47 100,18 790% 85.32 2.6 
32 100.4) 79657 64.88 22.9 
33 106.20 79065 Sin G9 9-237 
45 100045 80.24 85.05 2h7 
3h 100.6. 8.1, &4.93 24.9 
35 200.75 S0ph42 Ghe.90 25.7 
5h 99555 730% 8he33 2507 
36 LOO» Behk5 She7S Beh 
4s 100,61 80.0, 84.33 26,8 
22 99.50 7988 . 26.8 
37 F903 79089 = San OT? = 29 
38 99097 «877-78 B3e9L 2840 
39 796% * pos 
» 99-97 79099 83075 We7 
hh 200956 79599 83,92 30, 
10019 79,88 3,08 «32.3 
53 TFs F986 83.50 32,4 
byt Lo, 7329 «=6S2OL 8633346 
43 | 79080 §=83433 Ged 
a 100.15 73680 83433 Shy6 
Table 
Tube Sise: 1/2 ins Gs Ue, 18 WG 
123 100.6) = 69426 792k 17086 
125 100.9 69467 79458 (1708 
iS 10049 055 = =—7F00 = 190 
120 8 86106,.0 86570. oe Pe 
126 9906 G65 Tel, 242 
22h L0G F029 77S Dek 
12, 995 «019 7700L «216 
22 10k 7G. 77 ehG 22,8 
127 9705 = MIR OTT kB 
2220 «10G.l 20 76,50 23.8 
12 9707 =—6 Gab =F6e5L = 206 
13 96 70023 76,70 Bhe7 
Lh 10h 71493 77410288 
i2F 0 1, TOsl7 = Fbehkb 2B 
po et oy a PY bo? 
15 10000 69th 75K OD 
430 100.0 7.08 F5eGL 2935 
133 10.2 7000k 75066 = 07 
16 1006. 70.3 750% 3203 
432 100.8 Weth T5063 3306 
117 100 4 70.64 = 75066 Sha 
Le 100 96TS 75200 Bie 
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Water Inlet Temperature: 80°F 


8750 


16,17 
16.84, 
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Water Inlet Tanperature: $0°F 


Water Inlet ‘Sewoniiiinn 


7 


700 


ae ey ae OS , s:. & 
Table VII, 
Tube Size: 1/2 in, ©, D., 16 WG 
100.8 = HID T2eZL 1709 )=— 00s L7L70 3403 
1a, 9968 @s5l. 71,62 19:2 1580 7540 33.445 
192 100.0) 5985669454 267 = 2000-19960 3543 
195 9993 «= 28 Ah 22 CATO 99H Shak 
193 «=—100,.0 F493) «268478 0k =A BAO C3545 
195 9905 8,57 68 2557 2770 22450 34685 
299 «10080 00493 BAO 5298 2300 354A 
198 9969 650 66436 323 3750 35700 374d 
M2 1000 iis 66508 33:56 BWM 27330 37.15 
197") = 9967 Seth §=966566 had 8900 = 790-3642 
(* indicates | questionable data; caloulated from only one readi.ng) 
Tate VIII, 
Tube Sige" 1/2 dai Os De, 18 iwG 
134 100.3 5309. GGg28 «61708 «861380 = 170 39475 
MO Wee $6693 67:16 1768 1360 16670 36,6 
137s «100, She38 966,51 191 1560 1980 39.5 
139 0 1002) Shas 72 | 55449 2003 1780 = 20900 3942 
136 L094, 56055 55097 led 1980 20600 38.5 
Wl 100.2 57035 67.04 22,8 2170 21000 37.8 
1380s 10,1 5202 62958 2359 ZLB 2.5 
135 9903 = Shan. «= Gh Fh he 7 «= 257 BGAN 39,8 
Tube Sige: 1/2 in, 0 D., 18 BAG 
M3 Wed Aie59 Ghe25 1768 1580 1890 458 
if. = «100, 003 G1.73 A7eS 1360 16150 4475 
M6 = Ss A787 . 19.0 1570 20330 45045 
50 100s 9026) e83 1900 = 570) SO 52 
Li? 100.6 = «4972 Mes 1780 18550 45.5 
ih «10064 8=— 4852 535 =A GTO «19390 = hbad 
7 100, 097 ie 22,& Azo 23750 4767 
150 10066) AeA = S7e8L 2369 = 2400 4,85 
15 Leh b7e55 56095 2308 2360 22950 48,0 
M5 100.6 «= 47023 Heh? he? = 2570 L&,7 
Le 99.7 46 Soell 2567 2770 8 25750 hO55 
152 00nd) hk 52 S32 «eT = 2990 29000 Wh 
156 100.833 53055 709 «= «3000 L700 52,3 
153 Wed hied3 53908 29,0 3340 $0955 
157 100.0 43,68 «652,90 3.7 3560 32900 51,8 
154 F7e9 «= HAG GE 326k = 5780 32 WO G21 
25 8100.8 42,50 51.23 33,6 3950 =3L500 Shed 
155 30S Gide Bheh = 4120 35000 52,3 
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Table X, 

Tube Sizes 1/2 ins Os Des 20 GWG 
55 99553 T9677 Sha: 
70 9948 79672 «= BbekD 
56 99028 «=79e7L 38S 
5? 100,38 ofl «= BS TL, 
75 100.4 ot3 85,89 
5E 100.52 60,26 85,82 
59 200,02 79685 65,13 
& 100.33 60.06 614,96 
él 100.50 @&.lL 64.92 
62 99.97 SO.) Gbe5h 
7 999 80,30 fe 
63 We 80.15 held 
72 99,8 G0,03 Sle3h 
65 10, T9097 =Sbel5 
& 10007 79.93 84,02 
73 996 8.16 64.11 
67 100,0 727085 83,70 
68 100,1 79,85 83,57 
&9 99 03 T7sGl 83 4S 
Ta 9909 80,15 683,68 
Table Xi. 

Tube Size: 1/2 ins 0. D4, 20 
161 101.0 69090 79 eh'? 
16i, 9905 70.1, T8hd 
172 Fe7 70.0h 77482 
162 100.8 6967h T7edkh 
365 100.3 69679 TT7ehd 
i72 We 69075 76479 
143 200-8 59478 76063 
3.66 9-7 = eh «© 70029 
70 W909 Toahd 
i173 100 ed W0.0h 76406 
i7h F309 69079 75951 
369 106 ad. 69495 75469 
275 L002 69 49h 5032 
367 160,0 69418 = Tiwh3 
168 10,2 59472 75,00 


is 


q 


water Inlet Teuperatures 


Water Inlet Teuperature: 


At, 


25093 


70 
60 


19 


Run ty %} ts Hi Ww G At, . U 
Table XII, . 7 
Tube Sises 1/2 in. 0. 2, 20 BG Water Inlet Temperature: 59-63 F 
176 =—s(«100,,3 59.88 Tie 386.1922) Osiéi9QWs AS S70 LO 
179 100.0 05909 = TheAS «= 20006 2S 1620 20K00 350k 800s 
185 10,3 59-89 70.38 22.0 20)0 213950 34-95 920 gL0 
177 99-7 59-70 69.60 234 2290 22600 a8 

° 59eh3 69627 2he2 2470 2h270 3503 10.9 1025 
1% Gob 59083 68.77 2506 2750 24550 35.0 12.2 1045 


178 = 100.2 60.56 «= 69022 0a? «= 29750 25500 35nd (13,0 1082 
18 100.0 60,06 9 SHO 0 2842 = 3190 26600 3546 Med ns 


187 9eS S97 67673 2705 F400 27200 35.8 15,0 

188 100.20 62.52 89070003 1.0 = 35800 33065 1509 1195 
1h 9906 = =—960099 = BK 7 = 330) BRD 28 500 14.9 

189 = 100.2 G)AR = 08255 L060 29350) Bhe95 16.0 1250 
183s «100.1, 68.95 B55 4320 34035 Pel 1260 
190 100.4 06427 0676905 29900 3507 «821909 =: 12 
162 P97 67.59 3766 8690 30X00 35.3 We 1270 
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The experimental values of overall heat transfer coefficient 
ave plotted against cooling water velocity on the preceding pages and 
Compared with the theoretical coefficients esleulated in the following 
MOTEL» 

The overall heat trensfer coefficient, U, in the general equation 
of host transfer, ¢ 2 UAA tm, my be separated into the steas condensate 
film coefficient, the tube wall resistance and the water fils cocffi- 
clent, by an expression for the sum of resistence: 


ee ee ee 


The resistance of the tube will, LOg/KD» as defined by Fourier's 
Law and equation 1, is caleulated from the wall thickness, average and 
outside diaseters, and thermal enduactivity of the tube, 

The resistance of the water film, Do/h,0;, is caleulated from tube 
dimensions and the Dittus-Boelter equation: 


hy = 0.0225 5 ) 0.8 (4) Oh e « (2) 


Whee. Ste gangedtnn: iyo » / and ¢ are evaluated at the mean of inlet 
and outlet water teaperatures, 

Combining the tube wall and water film resistances, and knowing 
the heat transfer rate ami outside tuve area from the experimental data, 
the texperature drop across the tube wall and water fila is computed, 
Subtracting this value from the experimental log mean temperature differe- 
ence gives the teuperature drop across the steam condensate film, 

The stean comdeneate film ceeffi cient is calculated by means of 
the Busselt emation for condensing pure vapors on a single horizontal 
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er ae oH and A are evaluated at the average 
temperature of the condensate fila, 

Several theoretical coefficients calculated in this mamer from the 
experimental data (Table XIII) are employed to estatlish the curve of 
theoretical heat transfer coefficient vse, cooling water velocity shown on 
the grayh for each experimental situatia. 

it is to be noted that the data for 1/2 in, ©. ,, 16 BW tube at 
inket water temperature range 42-50°F (Table IX, Fig. 12) differs mrkedly 
from the trend of the other data, The scattering af pointe indicates 
some doubt as to the reliability of thie partiowarly set of data, ai 
certainly demonstrates poor repreitueivility, in this series of runs con-e 
siderable experimental difficulty was encountered in maintaining the low 
inlet water texperature desired, Circulating water was ta& a direct fron 
the underground city mains during the coldest period of the wixter months, 
and was not reciroulated. This procedure led to greater water teperature 
variation during a run than when the coolers could be wed, 

Perusal of the plotted curves shows the experimental values of U te 
follow in form the theoretical values, but to exceed the later by deviations 
varying from 5 to 23 percent. 

The percent deviations of U wperimaital above U theoretical 
(Table XIV) are plotted in Fig, 16, mda aarve is drawn showing the mean 
deviation as a function of cireulating water velocity. Using this as a 
correction curve for the values of U theoretical in Table X1VY, axl comparing 
the values of U experimental with corrected U theoretical gives the results 
shown, ‘The madmua deviation is 5.0 peremt; the average deviation is 2.5 
percent; the probable deviation is 1,95 percent, 
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TatLe XI1i., Calculated Theoretical Cverall fieat Transfer Coefficients, 
Tube Sisei 5/8 in. Oe Do, 18 BG 
1 99,30°F o0.18°r 85.01°% 7.0 fps 1535 2920 726 
bh 0 eRB 0 BOG ie 79 Wak 20 2856 836 
9 99.9. 80.25 63.39 15.0 2235 2616 940 
2h 10029 79292 SL 199 2520 985 
106 990. Gelb T6026 Fol UO 80s ahs ti«iH 
Bh Web Welk 75030 1320 2320 «2556S 59 
109 99.8 69603 73606 190 3140 927 
206 9907 Bebb 68557 6.60 495 02565 i«éIN 
20h 10000 61:34  68chbh 12.0 1985 2360 780 
203-1093 = Deh «=—« 65 0 Ue 2360 2260 829 
92 100.0 5722 66.92 7.0 1345 2500 648 
93 9909 55.09 6321 U0 1895 20 C756 
105 00020 53260) 59025 9 2950 2035 665 
Tube Sizes 1/2 ine Os. Ds, 18 BUG. 
28 99.57 80002 686.38 7,0 1620 «3270s 7h 
51 99055 79696 Gle33 Used 2780 2880 942 
5h 100016 «= 79480 = 8303302 350 8270 2035 
125 100.9 69667 79658 720 1938 46 2950-706 
129 1006 0ek7 «= Tbekb ©=— 2.50 2800 904, 
132 10068 )3=— eh «= 75063 =. 200 3520 2460 976 
1% 9908 60,51 762 6.0 1680-2565 s«76 
196 9965 057 268 2420 865 
12 20 =—-_s«S59e1S «= OBS 20,0 3310 «2530 
U0 = 1002 0s 56093 «0 6G 700 W280 25kti«é S|}. 
136 00ek Se 66097 16600 2330s 7337 
oe 2035 165 
15. s - 0008 «= 0403S 4573 700 1360 40-2050 
160 - 100eh «= hn 3s 1502 2080 63 
ue 9907 | Sell ied 2270 «= -055——i«éSTFO 
Loh 99.9 43618 51.98 18.9 278 2020 626 
Tube Sige: 1/2 ins Ge De, 20 Bue, 
55 99653 78677 86037 ba9 1380 «3525s 
972 9908 80,03 Sle3h 16.0 3065 2820 1089 
1, 9909 80015 83:68 20.9 3205 2690 19 
Lk, 9905 Well 78049 60 27 «= 7 
166 907 OFe8h 76029 Led 2635 2530 978 
168 9 100s2 07275000 = 67 9580 2h5 1062 
179 OL, 59 Mh an. 2 1597 2540s 765 
178 =: 100.1 ‘ 69,22 13,0 2345 2390 920 
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Table XIV, Comparison of Experimrtal end Theoretica Values of U, 


Tube Sise ty 7 12 15 
5/@ ine, 18 BO°r exp 427 980 1050 
 Ueh, 726 865 Gh 
o Bed 1363 41.7 
corr. Ubh, #12 965 1087 
« $1.8 0.5 Jel, 
5/8 ine, 18 70°P Usxp. 790 945 1035 
Uth, 692 868 
Vs Lied 15.8 16.6 
Mev. $2.1 $1.6 0.7 
@ ines 18 60°F 760 908 200%, 
mi an Gs 780 
o 16.42 1644 2946 
corr, Uth. 73. Bs 974. 
BWeve Hed F203 Pek 
© 
5/6 ins, 16 5358 F . WR 890 965 
ve oes a ae 825 
Seve 13.8 17.8 1963 
Corte Ubiie 725 861 
Dev. 41.7 $304 $38 
1/2 ins, 18 SO°F exp, a6 950 1060) 
| Ubh. 746 869 960 
BDCVs Gy2 Joa Wd 
corr, Uth.. 5 1110 
KDevs. «3.2 he ly 95 
1/2 in., 18 70°F exp. 786 917 1023 
Ubh,. 706 810 90d, 
iDev. 11.0 13.4. 1362 
Corts the LoksA 
“Dev » 0,6 Oe'7 “Le? 
1/2 in, 1é 60°F Vemp. 7h0 882 999 
Uth. 686 793 885 
BVEVs 70 dh o2 12,8 
VOrts Uth, 776 903 1023 


— ar 


oh o2 tee $2 £821, 


‘ 


- 
a 


‘ts 


tube Size ty 
1/2 ins, 18 52°~58°r 
COIs 


1/2 in., 20 err 


1/2 ine, 20 70°F 


SOrr > 


1/2 ins, 20 59%63°R 


Hey 


"1 


id) 


F 


ce 


sFa FF 


uF 


Lo 


- = 2 = 
* me. * . * . ’ = - ° 
. 
e 2 - . + . rs 
» 

. * . . x 8 =) 
* a : * * * 

‘ i + 
a > « é . : 


Spe aE 


LD 


A 
\) 


/ 


evee 


fi 


i 


ot 
2 


H 


set ee eRe EEN TEE 
HEE een cee ee eee ee Rg Ee HEHE 


et 


44 


tds 
oot + 


++ 
4 


ro. saa 


pases 

neni 
tte et 
aa renue a: 


tt 
sae 


4 


% 


pr tA 

in such a stwly ae this wherein investigation of heat transfer 
characteristics is limited te a few smaller sizes of condenser tubes of 
& particular metal and uaing only stewa md water as the fluid media, 
it would be umdse to propose a nev, enpivical equation applicable only 
to this specifie situation, Also aince the Nusselt md Dit tuscelter 
equatime are well known and established in the literature for general 
use, it, would be equally pointless te suggest a new set of coefficients 
to bring the results of those equations into closer egreenent with this 
eot of experimental data, 

instead it is thought yeeterenke te use the accepted general 
equations and then multiply by e correction factor corresponding to the 
circulating water velocity te determine an overall heat transfer coeffie 
cient for practical desig puebtents Within the range of this investi- 
gation correction factors es determined from Figure 16 may be used to 
predict the overall heat tranafer coefficient for a single, dean, hori~ 
sontal tube, with s probable deviailon of only tw percent, 
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NOMENCLATURE 


Outside tube area, aq. ft, 

Specific heat, BTU/lb.~F. 

Diameter, ft. 

Acceleration of gravity, 4.18 x 10° ite fare” 
Pil coefficient, BTU/hre-oq. ft. '?. 
Flometer gauge reading, ci. 

Thermal conductivity, BTU=ft./hreesq. ft. F. 
Length, ft. 

Heat transfer rate, BTU/hr. 

Temperature, op, 

Overall heat transfer coefficient, BTU/hr.«sa.ft.-F. 
Circulating water velocity, ft./sec. 
Circulating water flow rate, lb./hr. 

Log mean teuperature difference, %/, 

Latent heat of evaporation, BTU/lb, 

Absolute viscosity, lb./ft.-scce, or lb./ft.<hr. 
Density, Loe/eue fte 7 
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Outside, 

Steam, or condensate fla, 
water film, 

inlet. 

Outlet. 
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APPANOLS 


In a previous investigation using this same calorimeter and 
evaporator (li. 4%, MeGregor, Lehigh U. Inst. of Research; unpublished 
report and data for The Neat Axchange Institute, 6 May 1946) it was 
shown that at the low velocities involved, variations in the stean 
velocity have a megligible effect on the overall heat transfer 
coefficient. That is to say, the condensate Mln coefficient does not 
vary with steam velocity. 

Steam velocity was varied by changing coil steam pressure in the 
evaporator from two to twelve poumds per square inch in a series of 
runs while holding all other variables constant. <A brief sumary of the 
data ie given below: 


12 psi 135.7°F 68.8°F 2.6 fps SOL BTU/hr.<aq.ft.<'F 
5 W507 el 206 
2 13367 = 69.0 2e7 
3 136.9 70.5 265 
i 134.9 2043 246 
3 139.7 We3 206 
9 13762 6%, 26 
5 13702 7.0 2.6 
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Steam Condensing on @ S, fngle Horizontal Tube 
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h1D’st = 13,86 x/0(2A) 
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cay Ave. Temperature Cond. Film, °F 


OQ 
0) 


80 


90 


95 


/0O 


(h) Steam Condensate Film Coetticient BTu/hr.-s¢. tt - °F 


Q Q iS) Q 
0 SR Se ee S 8 
*) ee Ne en N N XN 


bd 


45 


+t 


srt 
ise 


t 
+ 
i. 
. or 


Se Pe 
ee ee 
ate fh 
Jaa yg 
Ae 


ttt 
++ 


neaussper 


ia Ht rh 
am +4 


‘Tai 


a 


+ 


+7 


eee 


pees Bi 
beer 
tte 

bS BOSS Bat 


ttt te 


Hae RE 
a 
et PSESARI ES 

Bara ne A 
aeeeeoe 
Se 
ieee 

Seaine es FH Ht soe: So 
eae 
a neh eae A . # oonee feared 
CGR Ge eee 
ee ee. eee 
COE eee 
MA 
AAA AA A EEL Poe ee ee ee area ate 
SACI NEE ae eet A REESE eee LEE 


a 
WE 
VA EE AR a 
AAA 


+44 +44 ++ +++ 
+4444 : 
t+ +e oe oe 7 4 
eags beees been 

jaeesan! ttt 


+ 
rete 

++ 
ttt 


see 
oa 
Hain 
ake 


+ 


Fee EL ge 
SGOT Gees) BG eee eee ee ear al 


aoe 
ae 
Sree 
a 
see 
suisse 
Sete 
eee 
a 


i  $==§ 
a |... | ee eee 


ee ag ae a a4 GEg Hear ae ie evita ae Eee aE FE 


FRR HE iE enipt 
Hu Hi a 
| ee tit 


| +e he i aeccses: oe 


SHEE RREREE 


eee ** oe my 

et Saeea 

Bess esse ee 
4e 

2 


se; seetece 


a 


si FSEti fee 


= 


ersaitiiii i 


, isuean “bt step - + +H ] . 
tite + ' tet ttt eee eeeee a Sbes\csuesadia mas e 
t ea Hit — Ht . 3 : AEE ae 415 R 4 . - rH Base 
ire ees Ed eat tae. dE ate UAE ceca ae Heats Sa eae ta teed fae) eg oe EE 
; Ht \\Seueuseweususee, tues? tees pases cuces seete seaee x eu7 


tr ry t 2, 
i 


EEE TH 


aiek 
ath 


ii 
AB TE 


ryt 
ait 


ae 


t tt 
(Seeteseesasase ce 
eee Gees tpr+de + 
aa Tt ss 
coor ; 
aes 
. 

genera 


as 
eee 
a 
HH 
i 


HH 
Hi 


E 


Lt 
v 
@ ij 
H 
jee 


EL 6e 


Tit Sa ir 


} + _ 
4-4-4 + east it ++ s » i! : 
H tebe pet, +++ + + + pease ae ep hy te +e j a pene 
i a 9 ra Bd | a or sane ee case ase é N ot 
Tt t t rit + wea 
+444 im Oe we +44 + - +4 + ttt etd +t He be ate 4+ 4 . N sanee 
re . + = + > > + + es + . + . + hee + Sees 
+ t tH SOT a 
Pee ee of 4-4 44> i +-¢+ a +444 + 


die 


as He 


wyit 5 2 


A 
if 


-T 
e— 6 di 
aesecea 


f° 


PRS 


Poa 
Tay 


Het 


+ - = - } +444 + 
‘ + toe a = 
tittit+ 
+t . 
ean ++ aes 
| 


aSgiii fagssinses as 
ie sae ie Spe ses ee oe. 
Gb aut na cnea fete fae eet ceded fee et is eer 
(| Btu tahoe | 7 Tae 

eee FS: 


Seis heb Pee Tis ts me 
PST |) eat spear re 


ESS tse nee need uses saass(aa fea age Sct nee aaeateaa Sage GSP Enea faazt 
gee 8 fi ied ttn feaay seas fetes giFr nati iti 
| 
fee Spee ee esse eee a 
ee 


—s 


\ ttt spas sean jog Banas PRee: itr 
tebe eft yt rrperdt dee ry ttt 
fetebetepetet bette t-te ttt 

N feted ftetetetteretetettee bebe ee { +h 

ees cena. r++44444-4 
rede ao eee tere 
teh deted dedettet 
bret tet erty 

+ 


rn S5t bas 
RERREEEEE PTE ARE ote aaa 
Baan REE RERREEEEEE TERRE PRET HH 


Lit 


BRE EB Esch ced EH 


HHT 
aSRREETET ESES i rH 
sas cesceecse: +t tt 


QUINN 
vi 


E 
el 
FE FETE 


rt im ++ 
4 + + } 
t tet +t thebe ttre 
\ Be eeeke ' thebertedes 
H + y “ , Rad Seees geeee cee: tty tht berry 
+ VBL E Yt Pt topee fefey thet bere 
1 ++ } tt +++ debetete bey +44 
i. \ \ ' i ' the vee eer re 4 


{| ae 
tft 
AM 
\ 
Hi 
nit 
He 


a 
Ee EEE A 


LE ELE 
TE Th a 
‘ tt 


BET 


HH 
HE Ea 


, 
‘ + 
Me ‘ : 
: thei det 
+ 4 
} 
‘ ' 
be 


ETT 


= 
Seacneadcas 


ie UL 


ee 


ENE 


\ 
HN 
{ 
t 


AULT 
Hi 
Hii 


HEH 


bi 


NINA 
NEN INE 
ee he at 


CUNEATE 


Bae {i 
EES 
NENG 
EE EER 
HEE 
HTH 


ale 
Ha 
HEHE 
Hie 
EE 


\ 


\ N 
cE LENEE 


EE ae 


i 


fee vee 
ie EE 
HE 
nl 
: 


ae 
EL 
cn Ea Sa 


APE HEE TEE 


a 


EEE EE 
HEH 


\ 


SEE SR 


LENG 
rh 


an 
Tk 
THE 

; 

i 

i 

7 

H 


7 ’ 
i 't s 
+ eee Pai 
thre te eee beeae 
da fotp +4-+ io 


+4 a Oe 
aabacenasene: 
H 2ese STeRe aan mi: 
ry eons pi 4-4 
i+ ‘ 
+-1+4-4 a 
tty + ty 
a4 + ‘ } 
' fohtetetet 7 
b| Eeee ae, 


tp 
fe HE En a 


EH 
i 


t 
+ 


et 
uu ‘ 


EU HEHE 


Hee THEE 
ae 


' 44 
SEE 


ESE N LEE NHNG 


HE Hin Hie 


palm pets Seer 7 


Ta 


a 
} 

ty ttt 
Behan re 


i teh bra ae bbe tee 

:} hm imi bepatey 
totter reo betas 

= pepper a tebe he 

) pa BOEes Peees ceen 

<j same! | t rrr y 

ahr} oe eee 

t KJ) SS eses Raabe ees 


PUTT 
t} 


HEE EH 
HEHE 


HEEL 
HH i 


17 


eee 


22 
ry 
s° 


| ie Bae 
EEE dd 


MeEHEENUTEHHIN 


ERE ete 


EE Ee Gree HE 


iit eegecectrssfersgeretesssfesies = Sees cel te 2 ieeed 
efit ey eSiofekeilfeeapeeespesatesesfia seep See sie 
Hie Sle eaten eet ean ee eet eset ee et if 
= tt sseca ttt ttt fans esuas +ttt SNRS5 Feees 
Gee Ge ee i wae ed el 
saa Th s — Pretict 

a eee eee nO tee cme St ea et ae ee 
SESE ejb ssedessstesfases[esectorefssfrsssberesfsasaqasestesesfeectpee i 
saucer a 4 etsaaue SG858 secazesuua : 1S CSEHS SENSE CSTES CHESS CERES eases 

Sanaa Sade Seaud teuce laces cases tuene teSee Seeee ioeed eens Seaee sanea sess: °o=s5eneaa 
igede Seued sages sesas seces tucss sates tased 2503 3553 3233 i357 3050 sa553 $2539 33333 $3507 FSSe2 
de eee te cee tle rae 
east aides peeieabeatenjeaipenentes| ae qabiaiadi 
lids gpg dae festenjuipeaanieapaaapedantes 
iii danni esinntes jo Hse eeTt a 


eeu sy 


2 x 


~~ = 


Rit 


ae 


168 
coefficients or Copper=n 
TitneElenser tubes 


~LOANED 


11027 


ransier 
ickel 


4- 


t transfer coefficients of co 


IME 


tll 


MI 
3 2768 002 01226 2 
DUDLEY KNOX LIBRARY 


| 


' 
a 

ey 
ies 


wrongs 
ines 


ear 


li ih ‘ 
Ae y 


Rue 
EN dee 


taf 
ayy i 
¥, ran 


wi 
i 


ay 


